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ABSTRACT 


Perf luoroalkyl  bibenzoxazole  polymers  containing  a  -fCFg-)- 
between  heterocyclic  rings  have  been  prepared  by  the  reaction 
of  dihydroxybenzidine  and  methyl  perf luorosebacimidate .  Through 
preparation  of  this  polymer,  the  basic  polymerization  system 
has  been  significantly  improved  and  polymers  with  number  average 
molecular  weights  as  high  as  20,k00  have  been  obtained  in  good 
yield  and  purity.  These  materials  are  thermally  stable  to  ~500°C. 
(TCrA)  .  Copolymers  of  dihydroxybenzidine  and  methyl  perfluoro-4,- 
9, 14, 19-tetraoxadocosanediimidate ,  which  are  tacky  and  resilient, 
have  been  prepared  by  the  same  basic  reaction.  Number  average 
molecular  weights  of  ~1 1,500  have  been  achieved,  but  the  polymer 
molecular  weights  have  not  been  optimized.  Thermal  stability  is 
comparable  to  the  sebacimidate  polymer. 

Distribution  has  been  made  in  accordance  with  the  list 
supplied  by  the  Air  Force  Materials  Laboratory  and  is  published 
at  the  back  of  this  document. 
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SECTION  I 


INTRODUCTION 


The  purpose  of  this  research  program  is  to  synthesize  hetero¬ 
cyclic  fluorine -containing  polymers  for  use  as  high  temperature 
elastomers.  Specifically,  the  program  involves  the  synthesis 
of  selected  perfluoroalkyl  heterocyclic  model  compounds  and  the 
determination  of  their  relative  stabilities  followed  by  the 
synthesis  and  evaluation  of  polymers  congeneric  with  the  most 
attractive  of  these  models. 

Six  heterocyclic  systems  were  prepared,  and  the  approach  was 
to  prepare^  model  compounds  of  two  or  three  of  the  systems  for 
evaluation.  Two  bibenzoxazoles  and  one  bibenzothiazole  were 
selected  as  the  initial  systems  and  the  following  three  models 
were  studied: 


Model  I 


Model  II 


Model  III 


Initially,  model  compounds  I  and  II  were  prepared  by  a  two- 
step  process  culminated  by  cyclodehydration  of  an  intermediate 
bisanilide.  However,  yields  were  only  50-7 0%  and  the  only 
effective  purification  was  by  sublimiation,  a  process  not  adapt¬ 
able  to  polymers.  The  preparation  of  these  models  by  the  Braz1 
synthesis,  shown  below,  of  benzoxazole's  from  aminpphenbls  and:- 
imidate  esters,  was  attempted. 


NH 

+  CF3CF2CF2COCH3  C3F7CO2H  > 

Room  Temp. 
24  Hrs .  . 


^G.  I.  Braz,  G.  V.  Myasnikova,  and  A.  Ya.  Yakubovich,  Chem.  Hetero¬ 
cyclic  Compounds  (English  Translation)^,  102  (1965) • 
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Although  the  yields  were  not  sufficiently'  high  to  apply  the 
reaction  to  condensation  polymerization,  with  modification,  a 
one-step  procedure  for  making  either  models  or  polymers  in  high 
yield  was  achieved.  For  example,  when  dioxane  was  used  as  the 
solvent  and  the  reaction  was  carried  out  at  6o°-80°C.  with  di- 
hydroxybenzidine,  a  crude  yield  of  nearly  pure  Model  I  in  greater 
than  90$  was  obtained.  In  addition,  it  was  found  that  trifluoro- 
acetic  acid  would  promote  the  reaction  equally  as  well  as  per- 
f luorobutyric  acid  regardless  of  the  imidate  ester  employed. 

With  this  synthesis  route.  Model  II  was  prepared  from  3,3'- 
diaminoblphenol  in  greater  than  86$  yield,  and  Model  III  was 
obtained  in  67$  yield  from  3,3 1 -dimercaptobenzidine .  In  later 
studies,  the  yield  of  Model  I  was  increased  to  nearly  100$  by 
reducing  the  reaction  temperature  to  48-59°C. 

The  three  models  were  very  resistant  to  strong  acid  except 
hot  concentrated  nitric  acid,  and  were  unreactive  toward  second¬ 
ary  and  tertiary  amines.  Thermal  degradation  studies  showed  all 
three  models  were  stable  in  the  absence  of  air  at  250°C.,  and 
Models  land  III  were  stable  at  350°C.  Oxidative  stability  was 
not  determined  due  to  the  volatile  nature  of  the  compounds  . 

These  studies  indicated  that  polymers  congeneric  with  Models 
I  and  III  would  be  sufficiently  stable  and  unreactive  for  high 
temperature  applications. 


Polymers  based  on  Model  I  were  first  prepared  under  the  fol¬ 
lowing  conditions: 


NH  NH 

tl  I! 

CH30C(CF2)8C0CH3-2  CF3CO2H  + 


■HO 

H2N 


070 


OH 

NH2 


(CFa), 


n 


Dioxane 

50UC. 


g  24  Hrs . 


The  polymer  analyzed  correctly  for  the  1:1  copolymer,  but 
.the  rather  brittle  nature  of  films  formed  from  the  melt  indicated 
that  the  molecular  weights  were  low.  The  low  molecular  weights 
were  found  to  be  due  to  a  side  reaction  of  trifluoroacetic  acid 
with  the  imidate  ester.  This  reaction  is  apparently  faster 
with  the  long  chain  dimidate  than  with  the  butyramidate . 

NH  NH  NH2  NH2  0 

It  I!  II  II 

CH3OC(CF2)eCOCH3  +  2  CF3C02H  -»  0=C(CF2)8C=0  +  2  CH3OCCF3 
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The  rate  of  this  reaction  was  found  to  be  sufficiently  rapid 
to  compete  with  polymer  formation  and  thereby  upset  the  stoi¬ 
chiometry. 

However,  regardless  of  the  promoter  used,  acetic  acid  or 
trif luoroacetic  acid,  the  elemental  analyses  corresponded  to  a 
polymer  containing  a  1:1  ratio  of  perf luoroalkyl  chain  to  biben- 
zoxazole  group  and  the  infrared  analyses  established  that  ben- 
zoxazole  rings  were  formed. 

To  avoid  this  rearrangement  reaction,  models  and  polymers 
were  prepared  in  the  presence  of  acetic  acid  as  the  promoter. 

With  acetic  acid,  rearrangement  did  not  occur  and  quantitative 
yields  of  polymer  were  obtained.  However,  the  brittle  nature  of 
the  polymers  from  this  study  indicated  that  the  molecular  weights 
were  still  low  and  conditions  required  to  improve  the  reaction 
were  therefore  sought.  A  program  to  achieve  this  end  was 
carried  out  in  the  past  year  and  is  discussed  in  the  next  section. 
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SECTION  II 


DISCUSSION 


A.  BIBENZOXAZOLE  POLYMERS  PROM  METHYL  PERFLUOROSEBACIMIDATE 


Bibenzoxazole  polymers  have  been  prepared  by  the  reaction  of 
dimethyl  perfluorosebacimidate  with  dihydroxybenzidine  in  the 
presence  of  an  acid  and  a  solvent. 


n 


1.  Promoter-Solvent  Systems 

In  the  first  year  of  this  program*  polymers  were  prepared  in 
a  trifluoroacetic  acid-dioxane  system  or  with  acetic  acid  as  both 
the  acid  and  solvent.  However*  these  are  heterogeneous  systems 
and  have  not  produced  high  molecular  weights.  Therefore,  two 
solvents, hexamethylphosphoramide  and  hexafluoroisopropanol, 
which  were  good  solvents  for  the  early  polymers*  were  used  as 
reaction  media. 

Hexamethylphosphoramide*  an  effective  solvent  for  both  di¬ 
hydroxybenzidine  and  the  polymer*  was  used  in  combination  with 
acetic  acid  to  produce  a  completely  homogeneous  reaction.  How¬ 
ever*  phosphorus  in  some  form  was  incorporated  into  the  polymer 
and  the  analysis  for  the  other  elements  present  was  poor.  In 
addition*  since  the  infrared  spectrum  was  entirely  different 
from  the  previous  bibenzoxazole  polymers,  no  further  reactions 
were  carried  out  in  hexamethylphosphoramide . 

The  preparation  of  bibenzoxazole  polymers  in  a  trifluoro¬ 
acetic  acid-hexafluoroisopropanol  system  resulted  primarily  in 
■the  formation  of  dihydroxybenzidine  bis(trifluoroacetate) *  al¬ 
though  a  small  amount  of  bibenzoxazole  polymer  was  found  and 
identified  by  infrared  analysis.  With  acetic  acid-hexafluoroiso- 
propanol*  a  good  yield  of  light-colored  polymer  was  obtained. 

This  reaction  system  was  initially  heterogeneous  due  to  the  in¬ 
solubility  of  dihydroxybenzidine*  but  as  this  material  was  grad¬ 
ually  incorporated  into  the  polymer*  a  homogeneous  solution  was 
formed.  The  time  required  to  reach  homogeneity  (about  2  days) 
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indicated  this  was  a  rather  slow  reaction,  and  to  increase  the 
extent  of  condensation  the  reaction  time  was  increased  from  2  to 
5  days.  In  contrast  to  the  previous  polymers,  films  of  this 
material  were  flexible  rather  than  brittle  indicating  the  molec¬ 
ular  weight  might  be  higher.  However,  ebulliometric  molecular 
weight  values  for  polymers  prepared  by  the  three  promoter-solvent 
systems,  ( l)  acetic  acid-acetic  acid,  (2)  trif luoroacetic  acid- 
dioxane,  and  (5)  acetic  acid-hexaf luoroisopropanol,  were  all 
rather  low,  and  there  was  no  clear-cut  advantage  to  any  one  of 
the  systems. 

Since  ebulliometric  values  are  greatly  influenced  by  small 
amounts  of  low  molecular  weight  materials,  a  number  of  these 
values  were  redetermined  by  membrane  osmometry.  The  results 
are  shown  in  Table  I. 

The  osmotic  pressure  molecular  weight  values  were  higher 
than  those  obtained  by  ebulliometry,  indicating  that  low  molec¬ 
ular  weight  material  was  present.  Polymers  prepared  with  acetic 
acid  as  both  prometer  and  solvent  had  lower  molecular  weights 
than  polymers  prepared  by  the  other  two  systems;  therefore,  this 
system  was  dropped  from  further  consideration. 

The  two  polymers,  which  were  prepared  with  trif luoroacetic 
acid  as  the  promoter  and  dioxane  as  the  solvent,  had  different 
properties.  When  the  polymerization  was  carried  out  with  stoi¬ 
chiometric  quantities  of  the  imidate  ester  and  dihydroxybenzidine, 
the  polymer  was  insoluble  in  hexaf luoroisopropanol,  and  its 
molecular  weight  could  not  be  determined.  The  insolubility  sug¬ 
gests  that  the  material  is  a  very  low  molecular  weight  polymer 
with  a  preponderance  of  polar  end  groups  and  probably  terminated 
with  the  dihydroxybenzidine  moiety  which  is  known  to  be  insolu¬ 
ble  in  hexaf luoroisopropanol .  The  other  polymer  prepared  in  the 
trif luoroacetic  acid-dioxane  system  had  a  moderately  high  molec¬ 
ular  weight,  but  the  reaction  was  carried  out  with  a  15 %  excess 
of  the  imidate  ester.  Both  of  these  polymerizations  were  subject 
to  the  previously  indicated  side  reaction, 

NH  NH  .  NH2  NH2  0 

if  n  j  i  ii 

CH3OC(CF2)8COCH3  +  2  CF3C02H  0=C(CF2)sC=0  +  2  CH3OCCF3 

which  would  reduce  the  amount  of  imidate  ester  available  for  the 
polymerization.  Since  a  condensation  polymerization  requires 
very  accurate  stoichiometry  to  attain  high  molecular  weights, 
the  latter  reaction  made  the  trif luoroacetic  acid-dioxane  system 
unacceptable  and  further  development  was  restricted  to  the  acetic 
acid-hexafluoroisopropanol  system. 

2.  Molecular  Weight  Improvement 

Although  the  copolymers  of  dihydroxybenzidine  and  methyl 
perf luorosebacimidate  melt  too  high  (255-240 °C.)  for  possible 
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Weight  Values  of  Polymers  by  Ebulllometry  and  Osmome tv 
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use  in  elastomeric  applications,  the  ready  availability  of  the 
monomers  afforded  an  opportunity  to  optimize  the  acetic  acid- 
hexaf luoroisopropanol  system  before  committing  more  sophisticated 
and  expensive  reactants.  The  early  polymers,  when  prepared  in 
acetic  acid-hexaf luoroisopropanol,  were  light  colored  and  ap¬ 
peared  to  have  high  purity  by  infrared  and  elemental  analyses, 
but  the  molecular  weights  were  too  low  for  a  good  condensation 
polymer . 

One  attempt  was  made  to  upgrade  a  polymer  by  repeated  frac¬ 
tional  precipitation  from  hexaf luoroisopropanol  using  acetone, 
methanol,  and  water  as  the  precipitating  agents.  Although  the 
molecular  weight  of  the  product  was  increased,  the  improvement 
was  not  significant.  In  order  to  force  the  polymerization, 
another  polymer  was  synthesized  in  a  pressure  reactor  at  113- 
125°C.,  but  the  molecular  weight  was  low  and  only  6ofo  of  the  di¬ 
hydroxybenzidine  reacted,  presumably  due  to  decomposition  of  the 
imidate  ester  at  the  higher  reaction  temperature. 

a.  Effect  of  Reactant  Purity 

The  most  significant  variables  were  found  to  be  those  involv¬ 
ing  the  purity  of  reactants  and,  concomitantly,  the  stoichiometry. 
It  was  noted  in  the  early  reactions  that  if  the  dihydroxybenzidine 
was  not  highly  purified,  a  small  amount  of  black  insoluble  tar 
formed  in  the  final  hexaf luoroisopropanol  solution  of  the  polymer. 
Although  the  tar  could  be  removed  by  filtration  prior  to  precipi¬ 
tation  of  the  polymer  with  water,  the  stoichiometry  was  adversely 
affected  by  the  presence  of  an  impurity.  The  dihydroxybenzidine 
could  be  prepurified  by  precipitation  with  water  from  a  filtered 
hexamethylphosphoramide  solution,  but  the  color  of  the  dried 
product  indicated  that  purification  was  not  complete. 

Ultrapure  dihydroxybenzidine  was  finally  obtained  by  exhaustive 
charcoal  treatment  of  an  aqueous  solution  of  dihydroxybenzidine 
dihydrochloride,  followed  by  precipitation  and  isolation  of  the 
dihydroxybenzidine  by  techniques  which  minimized  exposure  to 
light  and  air.  Dry  ultrapure  dihydroxybenzidine  appears  to  be 
stable  to  storage  only  as  long  as  light  and  air  are  excluded. 

In  order  to  circumvent  the  sensitivity  during  polymerization 
of  the  dihydroxybenzidine,  some  of  which  remains  unreacted  for 
as  long  as  48  hours,  several  refinements  were  made  in  the  reaction 
conditions.  Methyl  perf luorosebacimidate  and  dihydroxybenzidine 
were  accurately  weighed  in  a  dry  box  and  a  dry  nitrogen  atmosphere 
was  maintained  throughout  the  reaction.  Both  acetic  acid  and 
hexaf luoroisopropanol  were  thoroughly  dried  and  distilled  before 
use.  No  attempt  was  made  to  distill  the  imidate  ester  at  this 
time,  since  these  materials  were  known  to  be  rather  unstable  at 
elevated  temperatures.  The  polymer  obtained  under  these  conditions 
was  a  cream  solid  which  softened  at  235°C*  and  there  was  no  gassing 
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by  the  melt  to  at  least  300°C.  The  melt,  which  was  more  viscous 
than  previous  polymers,  could  be  drawn  into  long  flexible  fibers 
or  cooled  to  a  tough,  flexible,  transparent  yellow  film.  When 
a  sample  of  the  polymer  was  heated  to  300°C.  for  2k  hours  under 
nitrogen,  the  loss  in  weight  was  only  3*2$  with  a  loss  of  0.7$ 
in  the  last  20  hours.  With  the  same  treatment  in  air,  the  sample 
had  lost  5*5$  of  its  weight  after  2k  hours,  but  after  four  hours 
the  weight  loss  was  no  greater  than  in  nitrogen,  2.5 $.  The  TGA 
decomposition  point  in  air  was  k92 °C.  (Figure  3).  The  molecular 
weight,  as  measured  by  membrane  osmometry,  was  18,000. 

Later,  polymers  were  again  prepared  in  the  presence  of  acetic 
acid  which  had  been  purified  by  distillation  from  an  acetic  acid- 
acetic  anhydride  mixture,  but  the  conversion  of  dihydroxybenzidine 
to  polymer  was  incomplete  and  analyses  of  the  products  were  poor. 
Investigation  of  the  ingredients  used  in  the  reactions  revealed 
that  the  acetic  acid  still  contained  some  acetic  anhydride  which 
was  terminating  the  chains  or  decomposing  the  reactants.  How¬ 
ever,  when  the  polymerization  reactions  were  carried  out  with  ACS 
grade  glacial  acetic  acid,  dihydroxybenzidine  was  completely  con¬ 
verted  to  high  molecular  weight  polymers  without  difficulty. 

Purification  of  methyl  perfluorosebacimidate  was  accomplished 
by  fractional  distillation  under  high  vacuum.  The  main  fraction 
distilled  at  68°C./0.5  p,  after  about  20$  of  the  material  was 
collected  as  a  forerun  which  was  primarily  methyl  perfluorosebaci¬ 
midate.  There  was  no  evidence  of  decomposition  during  the  dis¬ 
tillation. 

Several  polymerizations  were  subsequently  carried  out  with 
distilled,  center-cut  methyl  perfluorosebacimidate,  ultrapure 
dihydroxybenzidine,  dry,  distilled  hexafluoroisopropanol,  and 
ACS  grade  glacial  acetic  acid.  All  of  the  polymers  were  light 
colored  solids  with  number  average  molecular  weight  values  in 
the  15,000-20,000  range.  (Table  II). 

b.  Other  Factors 


The  reaction  time  for  the  latter  polymers  was  increased  to 
7  days  to  insure  complete  reaction.  However,  to  accurately  de¬ 
termine  the  effect  of  reaction  time  on  molecular  weights  a  kinetic 
study  of  the  reaction  under  the  best  conditions  was  carried  out 
and  samples  were  removed  over  a  period  of  five  weeks.  Molecular 
weights  on  the  isolated  polymer  samples  were  determined  by  osmotic 
pressure  measurements.  The  results  are  shown  in  Table  III.  The 
data  appear  to  indicate  that  the  ultimate  molecular  weight  is 
attained  shortly  after  the  dihydroxybenzidine  has  dissolved  and 
that  continued  heating  is  of  no  benefit.  Therefore,  the  polymer 
may  grow  by  reaction  of  the  individual  chains  alternately  with 
the  two  monomers  rather  .  than  by  combination  of  short  chains. 

This  would  suggest  that  the  polymerization  is  similar  to  an  in¬ 
terfacial  polymerization,  except  that  the  interface  is  between 


-8- 


an  insoluble  solid  and  a  solution  rather  than  between  two  immisci¬ 
ble  liquids.  If  this  is  the  case.,  high  molecular  weights  should 
be  attainable  with  an  excess  of  dihydroxybenzidine . 

Table  II 

Polymer  Molecular  Weights  and  Viscosities 


Polymer 

'  Mo  1 .  ¥  t . 
Ebulliometry 

Mol.  Wt. 
Osmometry 

Inherent 

Viscosity 

Melt  Viscosity 
£oise 

65H 

2,250 

— 

—  —  — 

6lH 

3,030 

4,320 

— 

9*6 

45H 

5,900 

7,350 

0.257 

— 

42H 

2,300 

9,090 

0.422 

— 

71H 

7,700 

11,100 

O.I56 

250, 000 

86h 

— 

13,100 

0.345 

2,240 

97H 

— 

14, 600 

0.238 

— 

57H 

— 

18,000 

0.472 

110,000 

94H 

— 

18,600 

0.581 

156,000 

78h 

— 

20,400 

O.856 

2,140,000 

Table  III 

Polymerization  Kinetic  Study 


Sample 

Reaction 

Time 

Mole.  Wt. 

Inhere) 

Vise 

104-1H 

67  hrs . 

15,400 

(20,300) a 

0.810 

104-2H 

115  hrs. 

16,700 

(28,000) a 

0.734 

104-3H 

1  wk. 

15,900 

(9,300) a 

0.806 

104-4H 

2  wk. 

15,900 

O.659 

104-5H 

3  wk. 

15,800 

—  — 

104-6H 

4  wk. 

14,700 

—  wmm 

106-7H 

5  wk. 

13,800 

_  — 

10295-57Ht) 

115  hrs. 

18,000 

0.472 

Molecular  weights 

determined 

at  an  earlier  date. 

Polymer  prepared  with  undistilled  imidate. 
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Although  the  evidence  points  to  essentially  no  change  In 
the  molecular  weight  of  the  last  sample  from  the  first,  the 
physical  appearance  of  the  polymer  samples  differ.  When  pre¬ 
cipitated  with  methanol,  the  first  sample  emerged  rather  slowly 
and  dried  to  a  powder,  whereas  the  latter  samples  precipitated 
instantly  and  had  the  "stringy”  appearance  more  characteristic 
of  higher  molecular  weight  polymer. 

When  the  study  was  initiated,  it  was  proposed  to  compare 
sample  104-2H  with  10295-57H.  Both  materials  were  prepared 
under  identical  conditions  except  that  undistilled  imidate  was 
used  in  10295-57H.  Unfortunately,  the  molecular  weights  were 
not  sufficiently  reliable  to  determine  a  trend,  although  the 
infrared  spectra  did  indicate  that  10295-57H  contained  more  of 
the  hands  attributed  to  acid  or  amide  groups . 

The  molecular  weight  determinations  for  the  first  three 
samples  are  indicative  of  the  rather  poor  reproducibility  that 
has  been  encountered  with  hexaf luoroisopropanol  solutions. 

Even  the  inherent  viscosities,  also  measured  in  hexaf luoroiso¬ 
propanol,  have  sufficient  variance  to  cast  some  doubt  on  the 
validity  of  the  values.  The  values  for  both  the  molecular 
weights  and  inherent  viscosities  tend  to  diminish' for  the  later 
samples  and  it  seems  quite  unlikely  under  the  reaction  conditions 
that  depblymerization  should  occur. 

As  measured  in  hexafluoroisopropanol,  molecular  weight  and 
inherent  viscosity  values  do  not  properly  correlate.  For  those 
selected  polymers  which  show  correlation  in  the  right  direction, 
the  rate  of  viscosity  change  with  molecular  weight  is  too  tiigh. 
This  could  indicate  hexafluoroisopropanol  is  a  poor  theta  solvent 
or  small  amounts  of  gel  may  be  present  in  the  solution. 

To  determine  if  some  gel,  due  to  cross linking,  might  be 
present  in  the  hexafluoroisopropanol  solutions,  104-5H  was  sub¬ 
mitted  for  light  scattering  studies.'  Although  no  gel  was  de¬ 
tected  on  the  "frit",  the  solution  was  difficult  to  filter  and 
moderate  distortion  of  the  Zimm  plot  indicated  "some  gel  might 
be  present."  To  further  investigate  if  gels  might  be  formed 
during  past  polymerization  heat  treatment,  polymer  was  prepared 
in  the  usual  manner  and  purified  by  repeated  reprecipitation 
from  hexafluoroisopropanol  rather  than  by  heat.  Heated  and  un¬ 
heated  samples  of  this  polymer  were  subjected  to  differential 
thermal  analysis  to  see  if  a  crosslinking  reaction  could  be 
detected.  The  DTA  curves  of  the  two  materials  are  shown  in 
Figures  4  and  5*  There  is  a  small  unexplained  exotherm  at  110°C. 
in  the  unheated  sample  (Figure  4) ,  but  this  temperature  change 
is  too  small  to  be  indicative  of  a  crosslinking  reaction.  Since 
the  polymers  are  still  completely  soluble  in  sulfuric  acid,  it 
has  not  been  conclusively  determined  whether  the  polymers,  as 
prepared,  are  crosslinked  or  whether  molecular  weights  are  suf¬ 
ficiently  high  to  be  only  partially  soluble  in  hexafluoroiso¬ 
propanol.  The  weight  average  molecular  weight  by  light  scat¬ 
tering  was  about  126,000. 
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Some  crosslinking  can  be  accomplished  by  heating  the  polymer 
near  its  melting  point  for  1-2  hours-  The  resulting  material  is 
only  semi-fusible  to  350°C.  and  completely  insoluble  in  hexafluoro- 
isopropanol  and  concentrated  sulfuric  acid.  However ,  the  flexible 
nature  of  the  product  indicates  crosslinking  is  very  limited  and 
may  be  due  to  imperfect  sites  in  the  polymer.  Pure  Model  I  heated 
to  350°C.  showed. a  tendency  to  resinify. 

3.  Polymer  Properties 


The  bibenzoxazole  polymers  are  light  colored  solids  which  melt 
at  ~240°C.  and  both  films  and  fibers  can  be  obtained  from  the  melt. 
With  higher  molecular  weight  materials,  films  can  be  east  from 
hexafluoroisopropanol  solutions.  They  are  soluble  only  in  hexa- 
fluoroisopropanol  and  sulfuric  acid  although  the  lower  molecular 
weight  polymers  are  also  soluble  in  hexamethylphosphoramide.  Ele¬ 
mental  analysis  of  polymers  prepared  in  dioxane,  acetic  acid.,  or 
hexafluoroisopropanol  are  close  to  theoretical  and  gave  no  indica¬ 
tion  of  the  end  groups  present.  Infrared  studies  have  shown  trace 
amounts  of  some  extraneous  functions,  primarily  carbonyl,  which  are 
probably  associated  with  the  terminal  groups.  Heating  the  polymers 
under  vacuum  to  205°C.  reduces  these  functions  slightly.  NMR  studies 
are  not  conclusive,  but  the  presence  of  a  methyl  ester  at  the  ter¬ 
minus  is  indicated  and  such  a  terminal  group  is  consistent  with 
infrared  data.  The  source  of  this  group  is  probably  from  hydrolysis 
of  terminated  methylperf luoroimidate  during  work-up.  The  polymers 
are  stable  in  air  (TGA)  (Figure,' 3)  'to  ~500°C.,  and  their  films, cast 
from  hexafluoroisopropanol,  do  not  lose  their  flexibility  when 
heated  at  200°C.  for  21  hours.  By  DTA,  the  polymers  show  only  an 
endotherm  at  the  melting  point  and  there  is  no  indication  of  a  glass 
transition  temperature.  The  small  exotherm;  at  110°C.  disappears 
after  the  first  heating  and, therefore,  cannot  be  the  Tg  (Figure  4). 
The  endotherm  just  before  the  melting  point  is  probably  an  artifact 
caused  by  shrinkage  of  the  polymer  away  from  the  thermocouple  during 
the  melting  process. 

B.  PREPARATION  OF  PERFLU0R0-4, 9, l4, 19-TETRA0XAD0C0SANEDIIMIDATE- 
DIHYDROXYBENZIDINE  COPOLYMERS 


Although  the  perf luorosebacimidate-dihydroxybenzidine  polymers 
have  excellent  thermal  properties,  they  are  not  elastomers.  To 
improve  the  polymer  flexibility  and  thereby  enhance  the  chances 
of  obtaining  elastomeric  properties,  the  longer  chain  perfluoro- 
alkyl  imidate,  methyl  perf luoro-4,9, 14, 19-tetraoxadocosanediimidate, 
was  reacted  with  dihydroxybenzidine  in  the  following  manner: 


NH  NH 

CH30C[CF2CF20CF2CF2]4C0CH3-2  CH3CO2H 


^  (CF3)2CHOH 
59°C. ,  7  days 


Ultrapure  dihydroxybenzidine,  dry  distilled  hexafluoroisopro- 
panol,  and  ACS  grade  glacial  acetic  acid  were  used  in  the  reaction. 
The  imidate  was  prepared  from  the  dinitrile  in  the  usual  way  and 
the  excess  alcohol  and  catalyst  were  removed  under  high  vacuum. 

The  yellow  imidate  which  contained  a  small  amount  of  white  solids 
was  filtered,  but  no  attempt  was  made  at  further  purification.  The 
infrared  spectrum  of  the  imidate  was  compatible  with  the  proposed 
structure  and  very  similar  to  the  spectrum  of  distilled  methyl 
perfluoros ebac imidate . 


The  reaction  characteristics  were  very  similar  to  the  perfluoro- 
sebacimidate-dihydroxybenzidine  polymerizations,  i.e.,  the  di- 
hydroxybenzidine  completely  dissolved  in  48  hours  and  the  clear 
yellow  solution  did  not  change  in  the  last  5  days.  The  polymer 
did  not  fully  precipitate  when  the  reaction  mixture  was  poured 
into  methanol  and  it  was  necessary  t6  strip  the  solvents  to  com¬ 
pletely  isolate  the  product.  This  is  not  a  good  procedure  since 
by-product  ammonium  acetate  is  not  removed.  The  polymer  was  purified 
by  heating  to  205 °C.  under  high  vacuum  (l  p)  for  two  hours.  A 
small  amount  of  material  sublimed  from  the  bottom  of  the  tube  and 
condensed  in  two  rings  around  the  tope  of  the  tube.  By  infrared 
analysis,  the  upper  ring  appeared  to  be  fairly  pure  low  molecular 
weight  polymer  and  the  lower  ring  contained  bands  characteristic: 
of  polymer  contaminated  with  what  appeared  to  be  carboxyl  or  amide 
functions . 


These  by-product,  which  comprised  about  Vj%  of  the  yield,  were 
not  completely  removed  by  sublimation.  The  polymer  can  be  further 
purified  by  exhaustive  washing  with  methylene  chloride  or  acetone, 
but  in  no  case  was  -  the  by-product,  as  detected  by  infrared  spec¬ 
troscopy,  completely  removed,  indicating  the  rest  of  the  acid  or 
amide  moieties  were  probably  end-groups  or  the  result  of  incomplete 
cyclization.  The  residue  which  was  the  major  polymer  fraction  also 
contained  carboxyl  or  amide  functions  (Figure  J>) ,  but  to  a  lesser 
extent  than  the  sublimate. 


The  purity  of  the  polymers  was  dependent  on  the  purity  of  the 
starting  imidate.  Polymer  prepared  from  undistilled  material  ex¬ 
hibited  a  rather  large  infrared  band  at  5 .8-5 .9  P  and  a  broad  ab¬ 
sorption  at  2. 9-3 *4  (jl,  while  with  distilled  imidate  the  bands  were 
considerably  smaller.  Methyl  perf luoro-4,9, 14, 19-tetraoxadocosane- 
diimidate  distilled  over  a  rather  wide  range,  96-104°C.  at  1  p. 
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but,  by  fractional  distillation,  the  range  was  reduced  to  90-93°C. 
at  6.5  (j.  The  same  impurities  determined  by  infrared  analysis  in 
the  polymers  were  also  detected  in  the  forerun  and  residue  of  this 
distillation.  Although  the  purity  of  the  center-cut  imidate  ester 
appeared  to  be  high,  fractionation  was  not  very  efficient  due  to 
the  small  size  of  the  sample.  A  narrower  range  should  be  attain¬ 
able  on  a  larger  scale.  Polymer  prepared  from  center-cut  imidate 
contained  less  impurity  than  any  of  the  polymers  prepared.  However, 
the  molecular  weights  of  polymers  prepared  from  fractionally  dis¬ 
tilled  and  undistilled  imidate  were  essentially  the  same,  11,400- 
11,600. 

C.  PROPERTIES  OP  PERFLUORO-4,9, 14,19-TETRAOXADOCOSANEDIIMIDATE- 
DIHYDROXYBENZIDINE  COPOLYMERS 


The  perfluoro-4,9, 14, 19-tetraoxadocosanediimidate-dihydroxy- 
benzidine  copolymers  are  tacky,  resilient  materials  with  only  a 
slight  tendency  to  flow  at  room  temperature.  At  -30°C.,  the 
polymer  becomes  hard  but  not  brittle.  It  is  insoluble  in  ordinary 
solvents,  very  slightly  soluble  in  concentrated  sulfuric  acid,  and 
completely  soluble  only  in  hexafluoroisopropanol.  When  heated 
under  vacuum  at  240°C.,  the  viscous  melt  bubbles,  but  no  volatile 
products  have  been  detected. 

After  bubbling  ceases  (about  2  hours),  the  polymer,  which  no 
longer  flows,  is  a  rubbery  elastomer  which  retains  its  properties 
when  heated  to  300°C.  The  elastomer  is  insoluble  in  sulfuric  acid 
and  hexafluoroisopropanol,  although  it  tends  to  break  up  in  the 
latter  solvent.  Elemental  analysis  indicates  the  elastomer  may 
have  a  lower  fluorine  content  than  its  precursor  polymer.  Since 
a  brittle  material  is  not  formed,  the  crosslinking  is  probably 
occurring  at  imperfect  sites  in  the  polymer. 

The  heat  stability  of  the  dihydroxybenzidine-methyl  perfluoro- 
4,9,  14,19-tetraoradocosanedimidate  copolymer  is  comparable  to  the 
dihydroxybenzidine-methyl  perfluorosebac imidate  copolymers. 

D.  PREPARATION  AND  REACTIVITY  OP  TRIFLUOROMETHYL  PERFLUOROBUTYR- 

IMIDATE 

The  reactivity  of  the  methyl  perfluoroalkylimidate  esters  has 
been  attributed  to  the  presence  of  the  electronegative  perfluoro- 
alkyl  group.  When  the  alkoxy  groups  also  contained  fluorine,  the 
two  electron  withdrawing  groups  were  expected  to  enhance  reactivity 
and  polymerization,  thereby  eliminating  the  need  for  an  acid  pro¬ 
moter.  Therefore,  trif luoroethyl  perfluorobutyrimidate,  which  was 
prepared  by  the  following  reaction,  was  investigated. 

NH 

C3F7CN  +  CF3CH2OH  ■  -tsN  >  C3F7COCH2CF3 

The  activity  of  this  imidate  ester  was  not  sufficient  to  carry 
out  the  formation  of  Model  I  in  the  absence  of  an  acid  promoter 


-13- 


and  the  reaction  rate  in  the  presence  of  acetic  acid  was  no 
greater  than  with  methyl  perf luorobutyrimidate .  Trif luoroethyl 
perf luorobutyrimidate  reacts  with  trifluoroacetic  acid  to  form 
perf luorobutyramide,  although  the  reaction  is  slower  than  with 
the  methyl  perf luoroimidates . 

E.  PREPARATION  AND  REACTIVITY  OP  ETHYL  PERPLUOROBUTYRTHIOIMIDATE 


It  has  been  reported  that  the  salts  formed  by  thioimidates 
and  strong  acids  do  not  rearrange  to  thioamides.  Therefore ,  if 
thioimidates  could  be  substituted  for  imidates  in  the  polymeriza¬ 
tion  reaction,  a  stronger  acid  promoter  could  be  used  to  increase 
the  rate  of  polymerization. 

Ethyl  perf luorobutyrthioimidate  was  prepared  by  the  following 
reaction:  ^ 

C3P7C=N  +  C2H5SH  -EtaN  >  C3E7CSC2H5 

The  experimental  procedure  was  the  same  used  for  the  preparation 
of  methyl  perf luorobutyrimidate .  The  yield  of  distilled  ethyl 
perf luorobutyrthioimidate  was  94$  based  on  perf luorobutyronitrile . 

Model  I  was  prepared  from  ethyl  perf luorobutyrthioimidate  in 
98 %  yield  using  the  hexaf luoroisopropanol-acetic  acid  system. 


Model  I 

The  crude  product  (M.P.  l46-l48°C.)  was  much  purer  than  that  ob¬ 
tained  from  methyl  perf luorobutyrimidate . 

Ethyl  perf luorobutyrthioimidate  is  presently  being  heated  in 
the  presence  of  trifluoroacetic  acid  to  determine  if  rearrangement 
to  the  amide  occurs.  No  reaction  occurs  at  room  temperature. 
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SECTION  III 


SUMMARY 


Copolymers  of  dihydroxybenzidine  and  methyl  perf luorosebacimidate 
have  been  prepared  with  trif luoroacetic  acid-dioxane,  acetic  acid- 
acetic  acid,  or  acetic  acid-hexafluoroisopropanol  as  the  promoter- 
solvent  system.  The  best  system  for  obtaining  high  molecular 
weight  polymers  is  acetic  acid-hexafluoroisopropanol;  it  has  been 
adopted  as  the  standard  system. 

Using  anhydrous  conditions,  careful  1/1  stoichiometry  and  all 
purified  materials,  bibenzoxazole  polymers  containing  -(CF2)8- 
groups  between  heterocyclic  rings  have  been  prepared  and  molecular 
weights  (membrane)  of  14, 600-20, 400  have  been  attained  with  con¬ 
sistency.  These  cream  polymers  soften  at  ~24o°C.  to  form  viscous 
melts  which  can  be  formed  into  tough,  flexible,  transparent  films 
or  drawn  into  long  flexible  fibers.  The  polymer  has  been  shown  to 
be  crystalline.  Upon  heading  for  24  hours  at  300 °C.  in  nitrogen, 
the  polymer  loses  only  3-2 ^  of  its  weight,  while  under  the  same 
conditions  in  air,  the  weight  loss  is  5.5$.  The  TGA  decomposition 
point  in  air  is  ~500°C.  and  no  glass  transition  point  has  been  de¬ 
tected  by  DTA. 

A  second  copolymer  has  been  prepared  by  the  reaction  of  dihydroxy- 
benzidine  with  methyl  perf luoro-4, 9, l4, 19-tetraoxadocosanediimidate . 
These  polymers,  which  contain  the  -(-CF2CF2OCF2CF2) 4  -group  between 
heterocyclic  rings,  are  tacky  and  resilient.  Polymers  from  dis¬ 
tilled  imidate  contain  less  acid  and  amide  functions  than  polymers 
prepared  from  crude  imidate,  but  the  molecular  weights,  11,400- 
11,600,  are  essentially  the  same.  When  heated  to  24o°C.  for  two 
hours,  elastomers  are  formed  which  retain  their  elastomeric  prop¬ 
erties  to  at  least  300°C.  Since  the  heated  samples  do  not  become 
hard  and  brittle,  crosslinking  must  be  limited,  probably  to  imper¬ 
fect  sites  on  the  polymer.  Optimization  of  the  reaction,  involving 
primarily  purification  of  the  imidate,  is  not  complete.  The  thermal 
stability  of  the  polymer  (TGA)  is  about  the  same  as  the  ^ebacimidate 
polymer. 

Ethyl  perfluorobutyrthioimidate  reacts  with  dihydroxybenzidine 
to  give  excellent  yields  of  Model  I.  Difunctional  perf luoroalkyl- 
thioimidates,  in  the  form  of  their  trifluoroacetic  acid  salts,  will 
be  reacted  with  dihydroxybenzidine  in  an  attempt  to  increase  the 
rate  of  the  polymerization  reaction. 
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SECTION  IV 


EXPERIMENTAL 

A.  PREPARATION  OP  INTERMEDIATES 
1.  Purification  of  Dihydroxybenzidine 


Dihydroxybenzidine  dihydrochloride  was  prepared  by  reacting 
o-anisidine  dihydrochloride,  58.4  g.,  with  aluminum  chloride, 

124  g.,  suspended  in  300  ml.  of  toluene.  After  decanting  off  the 
toluene,  the  solids  were  poured  into  a  beaker  containing  150  g.  of 
ice  and  150  ml.  of  concentrated  hydrochloric  acid.  The  slurry  of 
dihydroxybenzidine  dihydrochloride  was  separated  in  two  loads  on 
a  5"  basket  centrifuge  and  vacuum  dried  at  50°C.  The  dry  dihydro¬ 
chloride  was  dissolved  in  water  and  filtered  by  suction  to  remove 
a  small  amount  of  black  tar.  Norit  charcoal,  2  g.,  was  added  to 
the  filtrate  and  after  30  minutes,  the  charcoal  was  removed  by 
filtration.  The  filtrate  which  was  still  colored,  was  treated 
with  Norit  charcoal,  1  g.,  and  refluxed  for  one  hour.  After  fil¬ 
tration,  the  light  colored  solution  was  treated  once  more  with 
Norit,  0.5  3  and  refluxed  for  one  hour.  To  the  filtrate  of  this 

charcoal  treatment  was  added  a  solution  of  sodium  acetate,  32.8  g., 
in  150  ml.  of  water.  The  slurry  of  dihydroxybenzidine  was  main¬ 
tained  under  a  nitrogen  atmosphere  and  then  filtered  through  a 
"frit"  with  nitrogen  pressure.  The  filter  cake  was  washed  with 
deionized  water,  ethanol  and  finally  with  anhydrous  ethyl  ether  to 
displace  the  other  washes.  The  dihydroxybenzidine  was  transferred 
to  a  100  ml.  flask  covered  with  aluminum  foil  to  exclude  light.  The 
flask  was  connected,  via  an  adapter  with  stopcock,  to  the  vacuum 
line  and  pumped  to  1  p  at  room  temperature  for  24  hours.  The  yield 
of  white  dihydroxybenzidine  was  39*8  g.  and  infrared  analysis  in¬ 
dicated  high  purity.  The  material  was  transferred  to  a  solvent- 
free  nitrogen  dry  box  and  protected  from  exposure  to  light  by  a 
foil  wrapping. 

Analysis:  Theory  -  C,  66.7;  H,  5-57;  N,  12. 96 
Pound  -  C,  66.6;  H,  5-46;  N,  12.97 

2.  Distillation  of  Methyl  Perf luorosebacimidate 

Methyl  perfluorosebacimidate  was  prepared  and  isolated  in  the 
usual  way,  and  40  g.  of  the  crude  material  was  transferred  to  a 
25  ml.  flask  connected  to  a  still  head.  No  column  was  used.  The 
still  head  was  connected  directly  to  the  vacuum  line  and  the  equip¬ 
ment  was  evacuated.  The  material  bubbled  for  a  few  minutes  and 
when  no  more  bubbles  appeared,  the  still  pot  was  heated  with  an  oil 
bath.  The  following  cuts  were  taken: 


Cut  _ Bolllng-j  Range _  Amount 

1  54°c.  (3  n)  -68°C.  (0.5  d)  5  ml. 

2  68°C.  (0.5  d)  15  ml. 

3  68°C.  (0.5  n)-temp.  falling  2  ml. 


Infrared  analysis  of  all  three  fractions  was  essentially  the  same 
as  the  original  material.  Attempted  V.P.C.  analysis  resulted  in 
decomposition  of  the  samples. 

Analysis  Theory  W' . C , : . 27 -*-9 ^ Hy 1  > 6 ; IP ,  158 . 9>:  N,  5*^ 

/Bound  -  C,  28.1;  H,  1.7;  F,  59-0;  N,  5-^5 


NH  NH 

3.  Preparation  of  CH30C[CFgCFg0CFgCFg]4C0CH3j  Methyl  Perfluoro- 
4,9, 14 j 19-tetraoxadocosanediimidate 


To  tetramer  nitrile,  NC[CF2CF20CF2CF2]4CN,  5-59  g • ,  placed  in 
a  50  ml..  Mini-ware  flask  in  a  nitrogen  dry  bag,  was  added  30  ml. 
methanol,  which  had  been  dried  with  magnesium  and  distilled.  To 
this  was  added  dry  triethylamine,  0.6  ml.,  and  the  flask  was  closed 
with  an  adapter  containing  a  stopcock.  A  nitrogen  atmosphere  was 
maintained  throughout  the  addition  and  the  temperature; ."was  held  at 
0°C.  The  contents  of  the  flask  were  stirred  magnetically  and  the 
temperature  was  allowed  to  rise  to  21 °C.  After  about  0.5  hour, 
the  two  layers  became  a  single  phase  and  the  solution  was  stirred 
overnight.  The  triethylamine  and  excess  methanol  were  removed  by 
vacuum  and  the  flask  was  connected  to  a  Mini-ware  still.  The 
imidate  ester  which  distilled  at  96°-104°C./2  ia  was  a  water-white 
liquid.  The  distillate  was  returned  to  the  still  and  fractionally 
distilled,  collecting  the  following  cuts: 

Cut  B.  P. _  _ Wt . ,  g . 


1  to  90°C./0.5  d  0.2 

2  90-93 °C./0. 5  d  5.4  (90^  yield) 

4.  Preparation  of  Trifluoroethyl  Perf luorobutyrimidate 


Trif luoroethanol,  10  g.,  and  triethylamine,  1  ml.,  were  placed 
in  a  3  bz.  Fischer-Porter  aerosol  compatibility  bottle  containing 
a  magnetic  stirring  bar.  The  bottle  was  cooled  to  -196°C.  and 
evacuated.  Perf luorobutyronitrile,  19-5  g.,  measured  by  expansion, 
was  condensed  into  the  bottle.  The  bottle  was  closed'  and  allowed 
to  warm  to  room  temperature.  The  clear  colorless  solution  was 
stirred  overnight.  The  solution  was  washed  with  three  50  ml. 
portions  of  ice  water  and  dried  over  magnesium  sulfate.  After 
filtration,  the  dried  liquid  was  distilled,  B.P.  84°-88°C.  The 
yield  of  colorless  trifluoroethyl  perf luorobutyrimidate  was  22.17  g. 
(75$)  • 
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Analysis:  Theory  -  C,  24.4;  H,  1.02;  F,  64.4;  N,  4.75 
Pound  -  C,  24.5;  H,  1.5;  F,  64.4;  N,  4.69 

5.  Preparation  of  Ethyl  Perf luorobutyrthioimidate 


Trie thy lamlne ,  0.6  ml.,  was  placed  in  a  6  oz.  Fischer-Porter 
aerosol  compatibility  bottle  containing  a  magnetic  stirring  bar. 

The  bottle  was  cooled  to  -196°C.  and  evacuated.  Perfluorobutyro- 
nitrile,  21.5  g -  *  and  ethanethiol,  18.6  g.,  (both  measured  by  ex¬ 
pansion)  were  cqndensed  into  the  bottle.  The  bottle  was  closed 
and  allowed  to  warm  to  room  temperature.  The  clear  colorless 
solution  was  stirred  overnight.  The  solution  was  transferred  to 
a  still  and  the  excess  ethanethiol  as  distilled  at  atmospheric 
pressure.  Ethyl  perf luorobutyrthioimidate  was  distilled  under 
vacuum  collecting  the  reaction  boiling  at  53°C./43  mm.  -55°C./44  mm. 
The  yield  was  25-47  g.  (94$). 

B.  PREPARATION  OF  POLYMERS 


1.  Bibenzoxazole  Polymer  from  Methyl  Perfluorosebacimidate  in 
Hexamethylphosphoramide 


The  reaction  was  carried  out  in  a  100  ml.  "Mini-Lab"  reactor 
equipped  with  a  stirrer,  thermometer,  addition  tube  and  reflux 
condenser.  The  reaction  was  run  under  a  nitrogen  atmosphere. 

Purified  dihydroxybenzidine,  1.76  g.,  and  hexamethylphosphoramide, 

40  ml.,  were  placed  in  the  reactor  and  stirred  until  solution  was 
complete.  Methyl  perfluorosebacimidate,  4.2  g.,  g'lacialc.acetic 
acid,  1.0  ml.,  and  hexamethylphosphoramide,  10  ml.,  were  placed  in 
the  addition  tube  and  gradually  added  to  the  reactor  over  a  period 
of  about  15  minutes.  There  was  no  exotherm.  The  stirred  solution 
was  heated  to  6o°C.  for  114  hours  during  which  time  there  was  no 
visual  change.  The  cooled  reaction  mixture  was  filtered  to  remove 
a  trace  of  tars  and  the  product  was  precipitated  by  dilution  with 
300  ml.  of  water.  After  filtration,  the  dark  solid  was  vacuum  dried 
overnight.  The  yield  was  64$.  The  infrared  spectrum  was  not  the 
same  as  the  other  polymers.  A  small  amount  of  the  solid  was  heated 
to  205°C.  (l  p)  for  2  hours.  The  white  sublimate  appeared  to  be 
an  amide  and  the  infrared  spectrum  of  the  polymer  was  still  different 
than  the  usual  polymer  spectrum. 

Analysis:'  Theory  -  C,  41.7;  H,  0.95;  N,  4.-4 ;  P,  0.0 
Found  -  C,  38. 1;  H,  0.89;  N,  6.47;  P ,  1.0 

2.  Bibenzoxazole  Polymer  from  Methyl  Perfluorosebacimidate 

The  hexafluoroisopropanol,  which  was  obtained  from  du  Pont,  was 
dried  over  magnesium  sulfate  and  redistilled.  Glacial  acetic  acid 
was  treated  with  a  small  amount  of  acetic  anhydride,  stirred  24 
hours  and  redistilled.  The  purity  of  the  hexafluoroisopropanol  and 
.acetic  acid  was  verified  by  V.P.C.  analysis.  The  dihydroxybenzidine 
used  in  this  reaction  was  the  same  material  described  in  Part  A. 


-18- 


Distilled  perf luorosebaconitrile*  3.67  g.*  and  anhydrous  methanol* 
25  ml.*  were  placed  in  a  3  oz .  Fiseher-Porter  reactor  under  a  nitrogen 
atmosphere.  The  reactor  was  cooled  to  0°C.  and  anhydrous  triethyl- 
amine*  0.5  ml.*  was  added  with  a  syringe.  The  reaction  mixture  was 
allowed  to  gradually  warm  to  room  temperature  and  was  stirred  for 
18  hours.  The  triethylamine  and  excess  methanol  were  removed  by 
vacuum  at  ambient  temperature*  having  solid  white  methylperfluoro- 
sebacimidate .  The  imidate  was  pumped  to  1  p  for  18  hours  and  trans¬ 
ferred  to  a  solvent-free  nitrogen  dry  box. 

In  the  dry  box*  dihydroxybenzidine*  1.42  g.*  was  charged  to  the 
100  ml.  flask  of  a  "Mini-Lab"  reactor*  equipped  with  a  stirrer* 
thermometer*  condenser  and  an  addition  tube.  Methyl  perfluoro- 
sebacimidate*  J.40  g.*  was  placed  in  the  addition  tube  and  the  re¬ 
actor  was  transferred  to  the  hood.  The  top  of  the  condenser  was 
connected  to  a  nitrogen  bubbler  to  maintain  the  nitrogen  atmosphere. 
Hexafluoroisopropanol*  50  ml.*  was  added  via  syringe  to  the  flask 
to  give  a  light  colored  slurry.  Anhydrous  acetic  acid*  0-75  ml.* 
was  added  to  the  methyl  perf luorosebacimidate  in  the  addition  tube 
to  form  a  clear  colorless  solution.  With  stirring*  the  imidate- 
acid  mixture  was  added  dropwise  to  the  flask  and  the  tube  was  rinsed 
down  with  2  ml.  of  hexafluoroisopropanol.  The  reactor  was  heated 
to  the  reflux  temperature  of  hexafluoroisopropanol*  59°C.  After  two 
days*  solution  was  nearly  complete  and  the  reaction  was  terminated 
after  a  total  of  114  hours.  The  reactor  was  cooled  and  the  contents 
of  the  flask  were  poured  into  300  ml.  of  methanol  to  precipitate  the 
polymer.  The  product  was  filtered*  washed  with  methanol  and  dried 
under  vacuum  at  50°C.  The  yield  of  white  polymer  was  3-98  g.  A 
sample  of  the  polymer  was  heated  under  vacuum  (in)  at  210-230 °C. 
for  two  hours  and  99^  of  the  material  was  recovered . 

Analysis:  Theory  -  C*  41.7;  H*  0.95; -F*  47.9;  N*  4.4 

Found  -  C*  41.35;  H*  1.04;  F*  47.3;  N*  4.46 

M.P.  235°C.  (viscous  melt) 

Inherent  viscosity  -  0.472  (hexafluoroisopropanol  at  25°C.) 

M.W.  (osmometry)  -  18*000 

Decomposition  point  (TGA)  -  492°C. 

Isothermal  TGA  (300°C.) 

Nitrogen  3-2^  loss  in  weight  (24  hrs.) 

Air  5-5$  loss  in  weight  (24  hrs.) 

3.  Bibenzoxazole  Polymer  from  Methyl  Perf luorosebacimidate 

The  reactor  was  a  flat  bottomed  cylindrical  glass  tube  (capacity 
about  160  ml.)  tapered  at  the  top  and  welded  to  an  8-inch  small 
bore  condenser  with  a  female  14/20  T  joint  at  the  top.  A  pressure 
equalized  addition  funnel  with  a  "Teflon"  stopcock  and  male  and 
female  14/35  T  joints  at  bottom  and  top*  respectively*  was  joined 
to  the  top  of  the  reactor  condenser  with  a  "Teflon"  sleeve.  The 
top  of  the  addition  tube  was  connected  via  standard  tapered  joints 
with  "Teflon"  sleeves  through  a  gas  bubbler  to  a  source  of  dry 


nitrogen.  No  lubricants  or  greases  were  used.  Purified  dihydroxy- 
benzidine.,  1.45  g.  (O.OO672  mole),  was  charged  to  the  reactor  in  a 
dry  box.  Distilled  methyl  perf luorosebacimidate,  3.47  g.  (0. 00672  mole), 
and  A.C.S.  grade  glacial  acetic  acid,  0.8  ml.  (0.014  mole)  were 
charged  to  the  addition  funnel  in  a  dry  nitrogen  bag.  The  reactor 
and  addition  funnel  were  transferred  to  a  hood  and  assembled  while 
maintaining  the  nitrogen  atmosphere.  Dry  distilled  hexafluoroiso- 
propanol  was  added  by  syringe,  4o  ml.  to  the  reactor  and  10  ml.  to 
the  addition  funnel.  With  stirring,  the  contents  of  the  addition 
funnel  was  added  dropwise  to  the  reactor  over  a  period  of  about 
5  minutes.  The  funnel  and  condenser  were  washed  down  with  2-5  ml. 
portions  of  hexafluoro isopropanol  and  the  stirred  white  slurry  was 
heated  to  reflux  (59°C.)  with  an  oil.  bath.  After  50  hours,  the  di- 
hydroxybenzidine  had  dissolved  leaving  a  clear  amber  solution. 

After  heating  at  59°C.  for  seven  days  and  then  cooling  to  25°C., 
the  solution  was  pressure-filtered  through  a  "frit"  and  the  polymer 
was  precipitated  by  pouring  the  filtrate  into  300  ml.  of  stirred 
methanol.  The  white  polymer  was  isolated  by  vacuum  filtration  and 
washed  with  methanol  and  water.  The  yield  after  vacuum  drying  at 
50°C.  was  quantitative.  The  dried  polymer  was  heated  to  205°C. 
under  full  vacuum  (l  p)  for  two  hours  to  remove  the  last  traces  of 
ammonium  acetate. 

Analysis:  Theory  -  C,  41.7;  H,  0.95;  F,  47-9;  N,  4.4 

Pound  -  C,  41.55;  H,  1.07;  F,  46.2;  N,  5-07 

M.P.:  24o°C.  (viscous  melt) 

Inherent  viscosity:  O.856  (hexafluoroisopropanol  at  25°C.) 

Melt  viscosity:  2,140,000  poises  (250°C.) 

M.W.  (osmometry)  :  20,400 

4.  Kinetic  Study  of  Methyl  Perfluorosebacimidate-Dihydroxyben- 
zidine  Copolymerization 

A  one  piece  reactor  described  in  section' '.B. 3 -above  was  used 
for  this  study.  No  greases  or  lubricants  were  used  and  the  reaction 
was  maintained  under  a  nitrogen  atmosphere.  Purified  dihydroxy- 
benzidine,  I.91  g.  (0.0088  mole),  was  charged  to  the  reactor  in  a 
dry  box.  Distilled  methyl  perfluorosebacimidate,  4.56  g.  (0.0088 
mole),  and  A.C.S.  grade  glacial  acetic  acid,  1.23  g-  (0.020  mole), 
were  charged  to  the  addition  funnel  in  a  dry  nitrogen  bag.  The 
reactor  and  addition  funnel  were  transferred  to  a  hood  and  assem¬ 
bled  while  maintaining  the  nitrogen  atmosphere.  Dry  distilled 
hexafluoroisopropanol,  50  ml.,  was  added  via  syringe  to  the  re¬ 
actor  and  15  ml.  to  the  addition  funnel.  With  stirring,  the  con¬ 
tents  of  the  addition  funnel  were  added  dropwise  to  the  reactor 
over  a  period  of  about  five  minutes .  The  funnel  and  condenser  were 
washed  down  with  2-5  ml.  portions  of  hexaf luorosio'propanol  and  the 
slurry  was  heated  to  reflux  (58°C.)  with  an  oil  bath.  The  dihydroxy- 
benzidine  dissolved  in  approximately  60  hours  leaving  a  clear  amber 
solution.  After  67  hours,  the  reactor  was  cooled  to  50°C.  and  about 
10  ml.  of  the  solution  were  removed  through  the  condenser  with  a 
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nitrogen-flushed  pipette  and  bulb.  The  reactor  was  immediately 
reheated  to  reflux,  and  the  withdrawn  sample  was  dropped  into 
40  ml.  of  stirred  methanol  to  precipitate  the  polymer.  The  pipette 
was  rinsed  with  a  few  ml.  of  hexafluoroisopropanol  which  was  added 
to  the  methanol.  After  stirring  for  15  minutes,  the  polymer  was 
filtered,  washed  with  methanol  and  vacuum  dried  at  50°C.  for  two 
hours.  The  dried  polymer  was  heated  to  205°C.  under  full  vacuum 
(1  p)  for  two  hours  to  remove  the  last  traces  of  ammonium  acetate. 
Samples  were  removed  in  a  like  manner  after  115  hours,  1  week, 

2  weeks,  3  weeks  4  weeks  and  5  weeks.  For  the  last  sample  the 
entire  remaining  solution  was  used.  All  seven  samples  were  pro¬ 
cessed  identically  and  the  total  yield  was  94.7$*  The  sample  re¬ 
moved  after  two  weeks  assayed  as  follows: 

Analysis:  Theory  -  C,  41.7;  H,  0.95;  F,  47.9;  N,  4.4 
Found  -  C,  4l . 6 ;  H,  O.89;  F,  47.1;  N,  5-17 

Inherent  viscosity:  O.659  (hexafluoroisopropanol) 

M.W.  (osmometry):  15,900 

5.  Preparation  of  Bibenzoxazole  Polymer  from  Methyl  Perfluoro-4,9- 
~  14,19-tetraoxadocosanediimidate,  CHsOC(  CF2CF.2OCF2CF2)  4COCH3 

— - - - • — — — — — - : — ■ — - — — it  - T- '"’•tt  “  * 

NH  NH 

The  equipment  and  procedure  were  the  same  as  described  in  Part 
B.3.  To  the  reactor  were  charged  dihydroxybenzidine,  1.145  g. 
(0.0053  mole),  and  dry  hexafluoroisopropanol,  50  ml.  Cut  number 
2  of  the  above  distilled  imidate,  5*17  g.  (0.0053  mole),  ACS  grade 
glacial  acetic  acid,  0.73  g-  (0.012  mole),  and  dry  hexafluoroiso- 
propanol,  10  ml.,  were  placed  in  the  addition  funnel.  The  equipment 
was  assembled  as  before  and  the  contents  of  the  funnel  were  added 
dropwise  over  a  period  of  about  10  minutes.  The  funnel  and  con¬ 
denser  were  washed  down  with  10  ml.  more  hexafluoroisopropanol  and 
the  reaction  was  heated  to  reflux.  After  about  50  hours,  solution 
was  complete  and  reflux  was  continued  for  a  total  of  9  3/4  days. 
After  cooling,  the  solution  was  pressure  filtered  through  a  "frit" 
and  most  of  the- solvent  was  removed  by  vacuum  at  25°-50°C.  Full 
vacuum  (1  p)  was  then  applied  and  heat  was  gradually  increased  to 
210°C.  and  held  for  three  hours.  During  this  heating  period,  the 
polymer  bubbled  slowly  and  a  sublimate  collected  in  the  cool  end 
of  the  tube.  Both  sublimate  and  residue  were  tacky  and  the  infra¬ 
red  spectra  were  similar.  The  sublimate  weighed  0.9  g*  and  the 
polymer  weighed  4.6  g.  (79$  yield) . 

Polymer  Analysis: 

Theory  -  C,  32.8;  H,  0.55;  F,  55-4;  N,  2.55 
Found  -  c,  32.65;  H,  0.55;  F,  54-3;  N,  3.47 

Molecular  Weight  -  11,600 
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A  sample  of  perfluoro-4,9 , 14, 19-tetraoxodocosanedi:iraidate . di- 
hydroxybenzidine  copolymer  was  reheated  to  24o°C.  for  four  hours 
and  the  resulting  elastomeric  solid  did  not  melt  at  300°C.,  and 
was  insoluble  in  sulfuric  acid  of  hexaf luoroisopropanol . 

Analysis:  Theory  -  C,  32.8;  H,  0.55;  F,  55-^;  N,  2-55 
Found  -  C,  3^-5;  H,  0-74;  F,  51-5;  N,  2.75 

C.  PREPARATION  OF  MODEL  I  FROM  ETHYL  PERFLU OROBUTYRTHIO IMIDATE 


All  equipment  was  predried  and  a  nitrogen  atmosphere  was  main¬ 
tained  throughout  the  reaction.  Dihydroxybenzidine,  2.05  g- 
(0.0095  mole),  was  placed  in  a  6  oz.  Fischer-Porter  aerosol  com¬ 
patibility  bottle  in  a  dry  box  and  ethyl  perf luorobutyrthioimidate, 
5.43  g.  (0.021  mole),  and  ACS  grade  glacial  acetic  acid,  1.47  g. 
(0.0245  mole),  were  mixed  in  an  addition  funnel  in  a  nitrogen  dry 
bag. 


Hexafluoroisopropanol  was  added,  40  ml.  to  the  bottle  and  10  ml. 
to  the  addition  funnel,  and  the  funnel  was  joined  to  the  bottle 
with  a  polyethylene  connection.  The  contents  of  the  funnel  were 
gradually  added  to  the  bottle  and  chased  with  5  ml.  of  hexafluoro¬ 
isopropanol.  After  removal  of  the  funnel,  the  bottle  was  capped 
and  transferred  to  an  oil  bath  where  the  reaction  was  heated.  After 
17  hours  the  dihydroxybenzidine  had  dissolved  and  the  reaction  was 
terminated  after  20  hours.  The  solution  was  pressure  filtered 
through  a  "frit"  and  the  filtrate  was  poured  into  250  ml.  of  water 
to  precipitate  Model  I. 


Model  I 


The  product  was  filtered,  washed  with  water,  and  vacuum  dried 
to  a  constant  weight.  The  yield  of  white  product  was  5*52  g.  (98$). 
The  melting  point  was  l46°-l48°C.  (theory  l47.5-l48°C.) . 
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SECTION  V. 
APPENDIX 


WEIGHT  LOSS 
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Fig.  1  -  TGA  of  Polymer  71  in  Air  and  in  Nitrogen  Atmospheres 
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Fig.  2  -  TGA  of  Polymers  6lH  and  65H  in  Air  and  in  Nitrogen  Atmospheres 
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Pig.  3  -  TGA  of  Polymer  57H  in  Air 
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